Introduction
The nucleophilic substitution reactions of α-halocarbonyl compounds have been studied extensively. A variety of mechanisms have been proposed for the α-carbonyl system, especially for phenacyl derivatives, among which three types are considered noteworthy: (i) stepwise mechanism with prior addition of the nucleophile (XN) to the carbonyl carbon, 1 1; (ii) bridging of the nucleophile between the α-carbon and the carbonyl carbon in the transition state (TS), 2,1c 2; and (iii) concerted displacement with an enolatelike TS, 3 3.
In a series of works, [4] [5] [6] [7] [8] [9] [10] we reported a unified mechanism in which the reaction proceeds through an addition intermediate (1) with a bridged TS (2) in the expulsion of the leaving group, LZ − . In previous reports, 8, 10 the benzylaminolyses of α-chloroacetanilides [YC 6 H 4 NRC(=O)CH 2 Cl; R = H and CH 3 ] in DMSO were found to proceed through a stepwise mechanism with rate-limiting expulsion of the chloride leaving group from a zwitterionic tetrahedral intermediate, T ± , with a bridged TS (2). In contrast, the pyridinolyses of α-chloroacetanilides in DMSO were proposed to proceed through a stepwise mechanism with rate-limiting addition of the nucleophile to the carbonyl carbon to form zwitterionic tetrahedral intermediate (T   ±   ) followed by a bridged TS to expel the leaving group. This mechanism change was interpreted mainly on the basis of the reactivity (benzylaminolysis rate: R = CH 3 > H; pyridinolysis rate: R = H > CH 3 ), and the cross-interaction constants, . 10 Thus, we knew that the aminolysis of α-chloroacetanilides is one of the typical models that explicitly shows the sequence of the amine expulsion rate from T
In the pyridinolysis of phenacyl bromides [YC 6 H 4 C(=O)-CH 2 Br] in MeCN, a change of ρ XY from a large positive (ρ XY = +1.36) value to a small positive (ρ XY = 0.09) value indicates a rate-determining step change at the breakpoint (pK a o = 3.2-3.6), from breakdown to formation of a zwitterionic intermediate, T ± (1 with XN + = pyridinium ion), as the pyridine basicity is increased. 7 To gain further information of the mechanism for the α-halocarbonyl systems, we performed kinetic studies of the benzylaminolysis of α-bromoacetanilides in DMSO at 35.0 o C, eq. (2).
Results and Discussion
The reactions followed the clean second-order rate law given by eqs. (3) and (4) , where [BnA] is the benzylamine (2) concentration. The observed pseudo-first-order rate constants (k obsd ) obeyed eq. (4), for all reactions with negligible k 0 (≅ 0) in DMSO.
The second-order rate constants for benzylaminolysis, k
), summarized in Table 1 , were obtained as the slopes of the plots of k obsd against benzylamine concentration, [BnA], in eq. (4) . No third-order or higher-order terms were detected, and no complications were found in the determination of k obsd or in the linear plots of eq. (4). The Brønsted coefficients β X (β nuc ), Hammett coefficients ρ X (ρ nuc ) and ρ Y , and the cross-interaction constants ρ XY are also shown in Table 1 . The rate is faster with a stronger nucleophile, i.e., ρ X < 0, as normally observed for a typical nucleophilic substitution reaction. However, the rate is not always faster with a stronger electron withdrawing group in the substrate, i.e., ρ Y > 0 or ρ Y < 0 depending on the sub- value is negative. Second-order rate constants and selectivity parameters for the aminolyses of several phenacyl derivatives are summarized in The relative constancy of β X (≅ 0.7) in the aminolysis of phenacyl derivatives has been rationalized theoretically. 9 Prior addition of the nucleophile to form a zwitterionic tetrahedral intermediate, T ± (1), should occur, and the leaving group is expelled in the rate-determining step. In this step, the TS is formed by bridging of the amine between the carbonyl and α-carbons, 2. In the TS 2 structure, the susceptibility of rate (dlogk b ) for the leaving group expulsion step to the basicity of the amine (dpK X ), i.e., β b (= ∂logk b / ∂pK X ), should be insignificant (β b ≅ 0) since the two opposing effects of pK X (one on the carbonyl carbon and the other on the α-carbon) will be compensatory or will cancel each other out. In the former, electrons are transferred to the amine from the carbonyl carbon, whereas in the latter, electrons are transferred from the amine to the α-carbon. 9 In fact, only a meager change in ρ Z (Δρ Z = 0.05) was observed for a pK X change of 0.36 (4-OMe→4-Cl benzylamine) in the aminolysis of phenacyl benzenesulfonates (YPhCO-CH 2 OSO 2 PhZ) with X-benzylamines in MeOH 6 for Y = 4-NO 2 , in contrast to a large change in ρ Z (Δρ Z = 1.21) for the aminolysis of thiophenyl methylacetate (C 2 H 5 COSC 6 H 4 Z) with X-benzylamines (ΔpK X = 0.36) in MeCN. 15b This means that, in the phenacyl transfers, the overall β X is grossly independent of the amine nature: hence, the β X value becomes practically constant, i.e., β X ≅ 0.7 irrespective of the amine, leaving group, or solvent, as experimentally observed. Therefore, we conclude that the relative constancy of the β X value provides evidence for a unified mechanism (1 + 2) of phenacyl transfers. 9 We propose, for the present reaction when σ Y ≤ 0.23, a stepwise mechanism with rate-limiting expulsion of the bromide leaving group from a zwitterionic tetrahedral intermediate, T ± (1'), with a bridged TS (2'), eq. , the sign of ρ XY will be the same for the forward reaction of concerted S N 2 processes, 11,16c,17 i.e., ρ XY < 0. However, as discussed previously, 7 in the partitioning of the tetrahedral intermediate, the rate of expulsion of amines is increased (∂ρ X > 0) by a stronger electron-withdrawing substituent in the acyl group (∂σ Y > 0) 20 so that ρ XY = ∂ρ X /∂σ Y should be positive. Thus the sign and the magnitude of ρ XY would be compensated for by these two factors, i.e., ρ XY < 0 for the bond formation step and ρ XY > 0 for the amine expulsion from T ± . As a result of The closer approach of the nucleophile is made possible by developing a stronger positive charge center through expulsion of the leaving group to a greater extent. Thus, the tighter bond making in the TS is assisted by the greater degree of bond breaking in a concerted process. These results cannot be rationalized by a stepwise mechanism with rate-limiting addition of the nucleophile to the carbonyl carbon to form a zwitterionic tetrahedral intermediate (1') followed by a bridged TS (2') to expel the leaving group, but can be substantiated by concerted displacement with an enolate-like TS (3'), eq. (6). (6) The large magnitude of the cross-interaction constant, ρ XY (= −1.51), suggests that bond making is extensively advanced in the TS since the magnitude of the cross-interaction constant is inversely proportional to the distance between the substituents X and Y. in the TS at the isokinetic point, σ X,ISOKINETIC , (ρ Y = 0). 9) , and substitute eq. (9) into eq. (8), to get eq. (10) log
In eq. (9) 
In other words, when σ X < σ X,ISOKINETIC , i.e., σ X = −0.21(4-MeO) and −0.17(4-Me), the degree of bond formation exceeds the degree of bond breaking by enough to give a negative charge at the reaction center in the TS, resulting in may be attributed to the greater polarizability of Br leaving group than that of Cl leaving group and to the smaller electronegatity of Br leaving group than that of Cl leaving group, enabling the enolate-like TS for the benzylaminolysis of α-bromoacetanilides.
Experimental Section
Materials. GR grade DMSO was dried with a 4 Å mole-cular sieve and then used after three distillations under reduced pressure. The benzylamine nucleophiles, GR grade, were used after recrystallization or distillation. Preparation of Y-α-bromoacetanilides. The Y-α-bromoacetanilides were prepared according to the literature methods for esterification. Aniline derivatives and bromoacetic anhydride were dissolved in dried ether. The reaction mixture was worked up with water and dried over anhydrous MgSO 4 , and the product was then recrystallized from nhexane.
4-Methoxy-α-bromoacetanilide. 
